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ABSTRACT: Regarding preservation and development of coast, artificial island port has been concerned for years by 
the government of Guangxi province which locates in the north coast of Beibu gulf in China.  The nature conditions are 
suitable to build ports for the semi-closed gulf and curvilinear bays. There are three main port bays in Guangxi province 
named as Fangcheng, Qinzhou, and Tieshan. The former two bays have developed almost all the deepwater shoreline 
into docks. With many land reclamation projects been built in these port bays, almost 1/3 of the Qinzhou bay has been 
reclaimed in the past two decades. Compared with land reclamation along the shore, the offshore artificial island will 
not destroy coast beach. Besides, it protects the coastal ecosystems and nature resources in much better ways. In 
addition many other advantages, such as water depth, sedimentation and water quality problems, make the offshore 
artificial island a better choice for ports. Except for more cost for island building, there are some technology problems 
to be concerned.  In this paper, the tidal currents, waves and sedimentation will be discussed. The study will be helpful 
for the designs of direction of harbor entrance, wave defending, docks direction etc. The success of the virgin artificial 
island port will do goodness to the sustainable coast development and can be referenced in the region. 
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INTRODUCTION 
To minimize the negative impact on the regional 
environment and coastal ecosystem, artificial island has 
become one of the recommended ways for land 
reclamation. In sand beach coast area, reclamation along 
the shore will be easy for construction. It is not costly for 
the relatively high topography of the shoals. The 
governments usually neglect the values of environment, 
ecosystem and other social resources compared with 
land resources especially in poor areas. Reclamations 
along the shore have been built for so many years both in 
developed and developing countries.  
Guangxi province, which locates in the north coast of 
Beibu gulf in China, has special advantages for its 
convenient trading with the east and south Asian 
countries. The land and port resources are needed 
urgently to support its economic developing sustainable.  
An offshore island, which locates in west side of the 
Qinzhou bay mouth area, is concerned recent years for 
almost all the nature shore line suitable for ports have 
been developed out in the past three decades.  
The construction of offshore island will definitely 
alter the hydrodynamics, sediment transport, and coastal 
morphology in the surrounding area. Mathematic models 
need to be established to solve the problems and search 
the optimal layout.  
GENERAL INFORMATION OF THE ISLAND 
 
Plan of Offshore Island 
The offshore artificial island initiated at year 2005 
for port lines and industry lands. It is confirmed as 
reserve port area in the plan of Qinzhou harbor which is 
approved by the local government and state authority in 
the May of year 2012. A government organizer is 
established to work with organizers of designing and 
researching in the later of that year. A proposed plan of 
the artificial island is shown in fig. 1. The island will 
occupy an area of approximately 56.4 square kilometers 
creating 36.3 kilometers port lines for different kinds of 
docks. Another reclamation land will be built 2 
kilometers away west of the island.  An entrance channel 
will be built between the two reclamations.  
 
Submarine Geomorphology 
 The site of the island locates in the east-south of 
Qisha peninsula which separates the Qinzhou bay and 
Fangcheng bay apart. The two bays have been developed 
into the most important harbor in west-south of China. 
Both of the bays are drowned valley bays. There are 
sand bars in the entrance of the bays which are different 
from river mouth bars for the sediments of the bars are 
not coming from today’s upstream rivers. The island 
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occupies some west part of the entrance bar of Qinzhou 
bay. The depth of the island areas varies from -2.0 m to 
10 m under datum for sounding reduction (this is the 
common water level used in the paper). The shape of 
Qinzhou bay likes a calabash. There is a narrow strait in 
middle part with width of only 1~2 kilometers and length 
of approximately 8 kilometers. The water depth of the 
strait varies between 5~20 m.   
Fig.1 The location of the Artificial Island 
 
North of the strait is the inner bay, named as Maowei 
Sea, which is rich of shoals, mangrove forests. There are 
two rives flood into the inner bay, one estuary locates in 
the west-north corn and the other locates in the east-
north corn with three passages to connect the sea. The 
morphology inclines from north to south with branches 
of tidal creeks connecting to the estuaries. The length 
from the west shore to the east one is about 13 
kilometers, just same to the width of the cross direction 
of the inner sea.  
South of the strait is the exterior bay, which has three 
troughs and four shoals. The east trough is the deepest 
and narrowest one while the middle trough is the widest 
and shallowest. Both the east and west trough have been 
developed into Navigation channels. Most of the east 
shoals have been reclaimed for port lands in the past 
decade. A nuclear power station is under constructing at 
the west coast. 
 
Tides and Tidal currents 
The tidal system in the bay obeys that one in the 
Beibu gulf which belongs to lunar appulse diurnal tide.  
It means that only one tidal rise and fall happens in the 
common day (diurnal tide), except about 6~8 days out of 
a month two tidal rises and falls occur (semidiurnal tide).  
The characteristic tidal values are shown in the table 
1 according the records of Longmen tidal station from 
year 1966~2002. 
 
 
Table 1  Characteristic tidal values of local station 
Items Values(m) 
Highest high water level 5.94 
Lowest low water level -0.59 
Mean sea level 2.52 
Maximum tidal range 5.95 
Mean tidal range 2.46 
 
The diurnal constituent dominates in the mouth and 
out sea areas. From mouth to the top of the inner bay, 
diurnal constituent declines while semidiurnal and 
shallow water constituents increase.  The direction of the 
tidal current is restricted by the coastal shore and islands 
in the reciprocating flow movement. The inner tide 
capacity varies between 3~7 × 108 m3 which passes 
through the narrow strait violently. The very strong flow 
usually grows with mean duration velocities of flood or 
ebb above 1.0 m/s. The instant velocities in the strait 
may get 3.0 m/s.  In the other water areas, mean duration 
velocity usually little than 0.5 m/s. It is weak flow area 
around the artificial island. Both flood and ebb tide flows 
velocities are under 0.30m/s.  
 
Winds and Waves 
The wind of local station record indicates that wind 
direction changes after the monsoon season. Dry season 
covers from September to next April. The prevailing 
wind direction varies between N~NNE. Rainy season 
covers from May to August. The prevailing wind 
direction varies between S~SW. The frequencies of wind 
at each direction are shown in Table 2. 
 
Table 2   Frequency of wind at each direction 
Directions Mean 
Wind speed 
m/s 
Maximum 
Wind speed 
m/s 
Frequencies 
(%) 
N 5.6 26.7 6.5 
NNE 7.2 27.0 30.5 
NE 4.4 15.0 7.7 
ENE 3.6 13.0 2.8 
E 4.2 36.0 4.9 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Calm 
4.0 
4.0 
3.5 
4.4 
5.8 
4.3 
3.6 
3.2 
2.7 
2.3 
2.4 
 
17.7 
24.0 
18.0 
20.0 
20.7 
20.0 
14.0 
20.0 
13.0 
14.0 
16.0 
 
3.6 
6.8 
4.2 
6.7 
8.4 
3.7 
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Fig.2 Wave rose (2010.06~2011.05) 
 
The waves in artificial island area are not only after 
the wind force. The swells from the out sea have 
important effects. The wave rose map is shown in Fig.2 
according to one year field data observed at the mouth of 
Qinzhou bay.   
 
Runoffs and Sediments 
There is no river runoff input near coast of the 
artificial island area. The sediment concentration around 
the area mostly influenced by the sediment transport of 
inner bay and shoals nearby.  It is usually high in the 
summer and low in the winter which varies between 
0~0.085 kg/m3. It is higher in shoals than in deep water 
areas. In depth about 5 m area, the average value is 
around 0.03kg/m3.  The median particle diameter varies 
between 0.006~0.008 mm. 
 
MATHIMATICAL MODEL 
A 2D-mathematical model based on orthogonal 
curvilinear grid is built to simulate the tidal current 
movements. The model covers both Qinzhou bay and 
Fangcheng bay. 
 
The Equations 
The vertical integrated two-dimensional equations of 
water conservation and motion equation with body-fitted 
coordinate system are presented as follows: 
The continuity equation： 
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The motion equation： 
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D  is the water depth；  is the water level；u and 
v are the velocity vectors along the stream line and that 
perpendicular to the flow line respectively； and  are 
respectively the longitudinal and horizontal directions of 
the computation grid in the body-fitted coordinate 
system； C and C are the Lame coefficients； f is 
the Coriolis Force coefficient. 
 
Numerical Approach 
An economic full implicit finite-difference scheme 
(Maa,J.P.-Y.,1990) is adopted. The finite-difference 
equation of the continuity is split into two parts with 
time split into two half. The first half of the continuity 
equation and the motion equation in direction   can be 
solved with boundary condition adopted to obtain 
1nu and 2/1n . Here, the up script is time order. The 
computer process is a tri-matrix solving problem. The 
second half of the continuity equation is solved with 
motion equation in direction   with similar procedures 
to obtain 
1nv and 1n . 
 
Movable Boundary and Parameters 
The study area covers many shoals which are 
submerged during high tidal levels and dried out during 
lower levels. A movable boundary technology is adopted 
with dry-wet grid identified by water depth.  
The values of roughness are varied from 0.014~0.030. 
The higher values are used mostly in mangrove forest 
areas and strait areas while the lower ones are used in 
open sea. 
The eddy viscosity coefficient is solved by the 
Smagorinsky formula to involve the gradients of current 
velocity and grid sizes. 
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RESEARCH RESULT 
In this paper, only the tidal currents and sediment 
transportation will be discussed. Many other issues have 
been researched by different groups to form the 
recommended scheme of the artificial island shown in 
Fig.1. For example, the east shore line are prefer straight 
on wave concerned and curve on land resources 
concerned. Some characteristic sections and points set 
for analyzing are shown in fig. 1 、fig. 4. 
 
Tidal Currents Simulation 
The mathematical model has been verified by series 
field tidal data. The figures of the verifying are neglected 
here. 
  
The water level processes 
Tidal processes of points from the mouth to the inner 
are drawn in Fig.3 which indicates that the constructing 
of island will not change the tidal wave movements in 
Qinzhou bay. Both high levels and low ones almost keep 
the same as that before the project. The detailed is shown 
in table 3.  
 
Fig.3 Water level processes before and after the project 
 
 
Table 3   The change of Special Tide 
Level before and after the project  (unite: m) 
Special Tide 
Level 
 engineering anterior  
1# 2# 3# 4# 
high water level 5.04  5.08  5.10  5.21  
low water level 0.11  0.09  0.10  0.63  
tide range 4.93  4.99  5.00  4.58  
Special Tide 
Level 
the change of  later engineering 
1# 2# 3# 4# 
high water level 0.01  0.01  0.00  0.01  
low water level 0.00  -0.01  -0.01  0.00  
tide range 0.01  0.01  0.02  0.01  
 
 
The tide capacity analyzing 
The capacities of both bays trend to decline at the 
mouth sections. The impact of the artificial island 
constructing is more clearly in Qinzhou bay than in 
Fangcheng bay. The capacities calculated at inner 
sections usually keep the same value as before the 
constructing.  
In Qinzhou bay, the width of strait is more directly 
related to the tide capacity of inner sections. The natural 
widths of the strait varies between 1~2 km while the 
width of mouth is more than 10 km after artificial island 
built. A port plan of Qinzhou bay has been approved by 
the authorities last year. According to the plan, the width 
of the strait will be narrowed to 600m after its side 
reclamation. The lands reclamation along strait should 
retreat back to insure the strait width no less than 1km. A 
recommend port plan shown in fig.4 and artificial island 
scheme are combined together for tide simulation. The 
related section capacities are displaced in table 4. 
Fig.4   The recommend port plan 
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Table 4  Tidal influx and its changing(unite: ×108m3)  
The tide capacity 
analyzing 
section
1 
section
2 
section
3 
engineering anterior 3.936 
15.540
9 
8.0954 
later 
engineerin
g 
Variation -0.006 
-
0.1167 
0.008 
Rate of 
change 
-0.15% -0.75% 0.10% 
 
The tide velocity analyzing 
The tidal currents in areas of artificial island are not 
strong. There is no strong influence on tide fields. The 
fig.5 displays the differences of mean velocity contours 
deduced by the island constructing respectively by flood 
and ebb tide.  
The flood and ebb strength tidal current vectors are 
show respectively in fig.5 too. Both of the current fields 
indicate that the current around the island is mild. The 
current conditions are suit for sailing. 
Fig.5 The flood and ebb strength tidal current vectors 
 
Sediment Deposition Estimate 
 
Estimate method 
The sediment deposition in port area includes two 
kinds of sediment sources. One is suspended sediment 
transportation. The depositional intensity can be estimate 
by the formula as follow (Liu, 1992): 
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In which 
      P : Deposition thickness in meters occurred during 
time T in second; 
       : Settling velocity of fine sediment (m/s); 
      S : Mean sediment concentration (m/s); 
      
0 : Mean density of the silt in dry condition (kg/m
3); 
      
21,kk : Coefficients respectively relate to flow states; 
      
21, HH : Depths of shoals and port channels (m); 
      
21,VV : Velocities before and after the constructing 
respectively (m/s); 
       : The angle between flow and port channel ( °). 
The other sediment deposition source is bed load 
sediment which is not same as in rivers for containing 
the high concentration suspended layer movements. It 
may be called sediment moveable layer above the bed.  
The depositional intensity can be estimate by the formula 
as follow (Luo, 2004): 
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Here 
sbq : Sediment discharge (kg/s·m); 
0C : The Chezy Coefficient (m
1/2/s); 
 ,s :  Mean densities of sediment and water (kg/m
3); 
maxbu : Maximum velocity of wave track (m/s); 
bu : Mean velocity of wave track (m/s); 
cu : Incipient velocity of bed sediment (m/s); 
mV : Total velocity of tide current, wind drift, wave 
drift (m/s). 
 
Deposition Result 
The mean annual sediment concentration is set as 
0.03 kg/m3. And the annual significant wave height is set 
as 1.0 m.  The depositional intensities usually get greater 
values in channel than in semi-close port pools. The 
maximum of annual deposition is about 0.30 m/a. The 
total amount of deposition in front of the 36.3 km port 
lines is about 2050×103 m3/a and the total channel 
deposition is less than 700×103 m3/a.   
The total deposition is slight relate to the tremendous 
of the port areas. 
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DISCUSSION 
The artificial island area covers the depth from -2 
~10 m. It is not very high cost to build this project. 
The flow around the island is mild and suitable for 
sailing. The sediment deposition is slight relate to the 
scale of the port areas. Semi-closed pools are designed 
for wave defending.  Some of the open shore lines can be 
developed into ports too for there is not too many days 
facing strong waves. 
The form of land reclamation will not destroy the 
sand beach and its ecosystems. The water quality is 
relatively easy to keep safety too. So many negative 
impacts on the regional environment and coastal 
ecosystem can be reduced or minimized, artificial island 
reclamation for coastal developing is worthy of 
recommending. 
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